and Table S11 ). The crystals were mounted on thin glass fibers using paraffin oil. Prior to data collection crystals were cooled to 200 K. Data were collected on a Bruker AXS KAPPA single crystal diffractometer equipped with a sealed Mo tube source (wavelength 0.71073 Å) APEX II CCD detector. Raw data collection and processing were performed with APEX II software package from BRUKER AXS. 4 Diffraction data for all the samples were collected with a sequence of 0.5°  scans at 0, 120, and 240° in .
Initial unit cell parameters were determined from 60 data frames with 0.3°  scan each, collected at the different S5 sections of the Ewald sphere. Semi-empirical absorption corrections based on equivalent reflections were applied. 5 Systematic absences in the diffraction data set and unit-cell parameters were consistent with monoclinic P21/c (№14) for complexes 2, 4a and 5c, and orthorhombic P212121 (№19) for 3. Solutions in the centrosymmetric space groups for complexes 2, 4a and 5c yielded chemically reasonable and computationally stable results of refinement.
Data for the complex 3 suggested a non-centrosymmetric space group for the model refinement. Diffraction data for the crystal of complex 5c were collected to 0.75Å resolution; however, due to small crystal size and weak diffraction it was discovered that both R(int) and R(sigma) exceeded 35% for the data below 1.00Å
resolution. Based on R(sigma) value, data were truncated to 0.95Å resolution for refinement. The asymmetric unit for this crystallographic model of 5c consists of one target complex molecule located in the general position.
Refinement results for the compound 5c suggested the presence of two non-merohedrally twinned domains. Careful examination of the original data frames and reciprocal space diffraction pictures confirmed the initial twinning assumption. In order to find independent orientation matrices 3258 reflections were collected from 4 sets of 40 frames each in different sections of the Ewald sphere. Collected reflection data were processed with CELL_NOW software 6 and produced two independent orientation matrices. 2636 reflections out of the original array were assigned exclusively to the first domain and 1521 (330 exclusively) reflections were assigned to the second domain.
The data set was re-integrated with two independent orientation matrices, treated for twinning absorption corrections
and consecutive model refinement was performed using HKLF5 reflection data file. Twinning domain ratio coefficient (BASF) was refined to 0.1115.
For all the compounds hydrogen atoms positions were calculated based on the geometry of related non-hydrogen atoms. All hydrogen atoms were treated as idealized contributions during the refinement. All scattering factors are contained in several versions of the SHELXTL program library, with the latest version used being v.6.12. 7 Metrical data for 2, 3, 3•H2O, 4a and 5c are presented in Computational Methods. Density Functional Theory (DFT) calculations were performed for each structure using the Gaussian 09 package. Geometry optimization at the B3LYP/TZVP level of theory (with and without the empirical dispersion correction GD3 of Grimme) was performed using the molecular structure of 3 from the X-ray diffraction experiment as a starting point. Harmonic frequency calculations were used to characterize the stationary points obtained during the geometry optimization. Tight SCF convergence was used in each calculation. Mulliken population analysis (MPA)-compositions of molecular orbitals, and 2-and 3-center Mayer bond orders were calculated using the AOMix package (www.sg-chem.net). Optimized structure coordinates are presented in Tables   S7-10 . 
Experimental.

Synthesis of Ni[κ2-(CF2)4-](ItBu)[P(O i
Pr
Synthesis of Ni[κ1-(cyclo-C4F7)](SIPr)(OTf) (4a). Red complex Ni[κ2-(CF2)4-](
Synthesis of Ni[κ3-(CF2)3CF(O2CCH3)-](SIPr) (5c). Red complex Ni[κ2-(CF2)4-](SIPr) (3) (50 mg, 0.08 mmol)
was placed in a 20 mL scintillation vial and dissolved in ~ 7 mL of toluene. Acetic acid (5 μL, 0.085 mmol) was . ORTEP representation of the molecular structure of 2 with thermal ellipsoid probability set to 30 % and hydrogen atoms omitted for clarity.
Synthesis of Ni[κ1-(C4F8H)](SIPr)(OAc) (6a). Red complex Ni[κ2-(CF2)4-](
6b 5d
S10
Synthesis of Ni[κ1-(C4F8H)](SIPr)(O2Cmes)] (6b). Red complex Ni[κ2-(CF2)4-](SIPr
S29
The HOMO of 3 (ε = -6.01 eV; Figure 2 , left;) is localized on the Ni (87 %), primarily from a 2 orbital contribution (71 %). Lower-lying orbitals display interactions between metal dxz, dyz orbitals and the π-system of the aryl group.
[22] The LUMO (ε = -1.96 eV; Figure 3 , right) is an anti-bonding combination of the metal dx2-y2 orbital -donor orbitals of the NHC and C4F8 ligands. Ni ( 
